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Multiscale simulations are able to leverage the accuracy of the microscale simulation in regions of
the domain where the physics are rapidly changing while taking advantage of the efficiency of the
macroscale simulations in the remainder of the domain. We are interested in the case where the
microscale and macroscale are combined via a domain decomposition strategy. In particular the
computational domain Ω is divided into three disjoint regions: Ωa, where the physics of the problem
are governed only by first principles at the microscale; Ωc where the physics can be described by
a macroscale model; and Ωb which is some bridge region acting as an interface between the two
models.

The difficulty arises in this bridge region, where the solution provided by the macroscale model
must agree with the microscale solution. In the literature, this model coupling has been achieved
mainly through constraining the microscale dynamics based on current macroscale information [4, 5]
or using Schwarz iteration to guarantee consistency between the models [3]. However, this poster
describes an optimization-based coupling strategy originally applied in [1, 2] to two macroscale
regions, each governed by a different partial differential equation (PDE). In the multiscale case,
this strategy uses a stress-based objective function constrained by the values of displacement and
stress to seek agreement between a microscale molecular statics model and a macroscale PDE over
the bridge region. Supporting results are provided for a number of atomistic force models.

References

[1] Qiang Du and Max D. Gunzburger. A gradient method approach to optimization-based multi-
disciplinary simulations and nonoverlapping domain decomposition algorithms. SIAM Journal
on Numerical Analysis, 37(5):1513–1541, 2000.

[2] M. D. Gunzburger, J. S. Peterson, and H. Kwon. An optimization based domain decomposition
method of partial differential equations. Computers and Mathematics with Applications, 37:77–
93, 1999.

[3] E. M. Kotsalis, J. H. Walther, and P. Koumoutsakos. Control of density fluctuations in
atomistic-continuum simulations of dense liquids. Physical Review E, 76(016709):1–7, 2007.

[4] X. B. Nie, S. Y. Chen, W. N. E, and M. O. Robbins. A continuum and molecular dynamics
hybrid method for micro- and nano-fluid flow. Journal of Fluid Mechanics, 500:55–64, February
2004.

[5] Sean T. O’Connell and Peter A. Thompson. Molecular dynamics-continuum hybrid computa-
tions:A tool for studying complex fluid flows. Physical Review E, 52(6):R5792–R5795, December
1995.

∗Department of Scientific Computing, Florida State University, Dirac Science Library, Tallahassee, FL 32306-
4120. This work was supported by the Office of Science of the U.S. Department of Energy under grant number
DE-FG02-05ER25698.


